Abstract The bacteriocin susceptibility of Listeria monocytogenes MTCC 657, Enterococcus faecium DSMZ 20477, E. faecium VRE, and E. faecalis ATCC 29212 and their corresponding bacteriocin resistant variants was assessed. The single and combined effect of nisin and pediocin 34 and enterocin FH99 bacteriocins produced by Pediococcus pentosaceus 34, and E. faecium FH99, respectively, was determined. Pediocin34 proved to be more effective in inhibiting L. monocytogenes MTCC 657. A greater antibacterial effect was observed against E. faecium DSMZ 20477 and E. faecium (VRE) when the a combination of nisin, pediocin 34 and enterocin FH99 were used whereas in case of L. monocytogenes MTCC 657 a combination of pediocin 34 and enterocin FH99 was more effective in reducing the survival of pathogen. Bacteriocin cross-resistance and the antibiotic susceptibility of wild type and their corresponding resistant variants were assessed and results showed that resistance to a bacteriocin may extend to other bacteriocins within the same class and also the acquired resistance to bacteriocins can modify the antibiotic susceptibility/resistance profile of the bacterial species used in the study. According to the hydrophobicity nisin resistant variant of L. monocytogenes was more hydrophobic (p<0.001), whereas the pediocin 34 and enterocin FH99 resistant variants were less hydrophobic than the wild type strain. Nisin, pediocin 34 and enterocin FH99 resistant variants of E. faecium DSMZ 20477 and E. faecium VRE were less hydrophobic than their wild type counterparts. Nisin resistant E. faecalis ATCC 29212 was less hydrophobic than its wild type counterpart.
Introduction
For the past few decades, food safety has been an important issue globally due to increasing food-borne diseases and change in food habits. Illness caused due to the consumption of contaminated foods has a wide economic and public health impact worldwide. Therefore, the need to avoid economic losses due to microbial spoilage of raw materials and food products, the preservation of foods by natural, biological methods may be a satisfactory approach to solve many of the current food-related issues. Bacteriocins are ribosomally-synthesized peptides or proteins with antimicrobial activity, produced mainly by lactic acid bacteria (LAB). Several LAB bacteriocins with broad spectra of inhibitory activity offer potential applications in food biopreservation (Galvez et al. 2008) . Nisin is a well known broad spectrum bacteriocin active against Gram-positive pathogens associated with food. Its use as food biopreser-vative is limited by its effectiveness against Gram-negative bacteria. Although the use of bacteriocins for preservation (biopreservation) is a novel approach to eliminating or controlling pathogens in food, the development of highly tolerant or resistant strains remains the main concern and decreases the efficiency of bacteriocins as biopreservatives. The various possible mechanisms involved in the development of resistance to nisin and Class IIa bacteriocins among the food-borne pathogens have been reviewed by Kaur et al. (2010) .
Food application of pediocins and enterocins can provide a good alternative, besides nisin, in protecting food against food borne pathogens. As products of lactic acid bacteria, they provide natural means of preservation and can be accepted by the consumers in the way nisin became accepted. As the trend of consumption of minimal processed and preserved foods is increasing, use of pediocins by the food industry could offer solutions and provide alternatives to conventional preservation means. Importantly, enterocins also show a strong activity against Listeria, which can be of practical use in the food industry (Giraffa 1995; Galvez et al. 1998; Nunez et al. 1997) . Application of enterococcal bacteriocins on dairy foods has been the focus of many investigations (Foulique Moreno et al. 2006; Giraffa 1995) . Enterococcus strains displaying a limited inhibitory spectrum due to the production of enterocins targeted towards Listeria and/or Clostridium (Franz et al. 1996; Giraffa 1995; Torri Tarelli et al. 1994 ) would be interesting as protective cultures for cheese manufacture, given their very limited antagonistic activity towards dairy starter cultures such as Lactococcus and Streptococcus (Foulique Moreno et al. 2006; Sarantinopoulos et al. 2002) . Recently, Lactobacillus brevisFPTLB3 isolated from freshwater fish has been reported to produce bacteriocin that had broad spectrum of inhibition (3200 AU/ml) againstEscherichia coli MTCC 1563, Enterococcus faecalis MTCC 2729, Lactobacillus casei MTCC 1423, Lactobacillus sakei ATCC 15521 and Staphylococcus aureus ATCC 25923 (Banerjee et al. 2011) .
The objective of our study was to evaluate the antibacterial efficacy of nisin, pediocin 34 (produced by Pediococcus pentosaceous 34) and enterocin FH99 (produced by Enterococcus faecium FH99) either alone or in combinations against Gram-positive bacteria i.e. E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657. The cross resistance of the bacteriocin resistant variants to various antibiotics and three bacteriocins viz, nisin, pediocin 34 and enterocin FH99, was investigated. Also in this study the surface properties such as surface hydrophobicity, which could impair the interaction of the antimicrobial peptides with the cytoplasmic membrane, were compared between the wild type and the resistant variants.
Materials and methods
Bacterial strains and culture conditions E. faecium FH99, bacteriocinogenic strain was an isolate from human feces (Gupta et al. 2010) . Pediococcus pentosaceous 34 (Rao and Malik 2003) , a bacteriocinogenic strain was an isolate from cheddar cheese, Pediococcus acidilactici LB 42 (a sensitive strain used for detection of bacteriocin producers), was obtained from , Department of Animal Science, University of Wyoming, Laramie Wyoming, USA. E. faecalis DSMZ 20477 was obtained from , Institute of Microbiology and Toxicology, Federal Research Centre for Nutrition, Karlsruhe, Germany. E. faecium VRE (a vancomycin resistant strain isolated from human feces). E. faecalis 29212 was procured from American Type Culture Collection (ATCC) while L. monocytogenes MTCC 657 was procured from Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, India. Table 1 shows the culture conditions and the culture medium used for the bacterial cultures.
Bacteriocin solutions preparation
One hundred milliliter aliquots of MRS broth (De Man et al. 1960 ) (pH 6.5) (HiMedia, Mumbai) were inoculated with active culture of E. faecium FH99 and Pediococcus pentosaceus 34 was inoculated (1%) and incubated at 37°C for 24 h. Cell free culture supernatant (CFCS) were prepared by centrifugation of the cultures in refrigerated centrifuge at 10,000 rpm for 10 min. The supernatant was filter sterilized by passing through a 0.2 μm (Millipore), 45 mm diameter membrane filter and used for partial purification after neutralization. Crude enterocin FH99 and pediocin 34 were precipitated from broth media by 60% ammonium sulphate precipitation and the precipitates were dissolved in sterilized Milli Q water. The bacteriocins were purified by the method earlier described by Gupta et al. (2010) . Nisin A (Nisaplin ®) was procured from Danisco (Gurgaon, India). Nisin stock solutions were prepared from pure nisin in 0.02 N HCl and autoclaved (Crandall and Montville 1998) .
Antimicrobial activity assays

Measurement of activity units (AU/ml)
The antibacterial activity of nisin, pediocin 34 and enterocin FH99 was obtained using the spot on lawn assay as described by Ulhman et al. (1992) , against Pediococcus acidilactici LB 42. Five microlitres of serial dilutions of the partially purified bacteriocin of Enterococcus faecium FH99 and Pediococcus pentosaceus 34 grown in MRS broth (De Man et al. 1960) were spotted on the Tryptone Glucose Yeast Extract (TGE) agar plates (Biswas et al. 1991) (1.5% agar). Before spotting, TGE agar plates were overlaid with TGE soft agar (0.75%) seeded with actively growing cells of the test organism. Plates were kept undisturbed for 3-4 h for diffusion of bacteriocin through agar and then incubated. The sensitivity of the strain in question was evaluated by checking for clear zones around the spots. Three independent replicates of experiment were done. The activity units of the culture broth were calculated using the following formula and expressed as activity units per ml: Bacteriocin cross-resistance by agar diffusion method
The sensitivity of E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657 and their resistant variants to nisin, pediocin 34 and enterocin FH99 were qualitatively determined by the agar well diffusion method (Barefoot and Klaenhammer 1983) . Briefly, 5 ml of molten TGE agar (Biswas et al. 1991) containing 0.75% (w/v) agar medium were cooled at 47°C and seeded with 1% (v/v) overnight culture of Listeria monocytogenes MTCC 657, E. faecium DSMZ 20477, E. faecium (VRE) and E. faecalis ATCC 29212 or Antibiotic disk diffusion susceptibility test
Pattern of resistance/susceptibility to antibiotics of wild type and bacteriocin resistant variants isolates was studied by disc diffusion method as recommended by National Committee for Clinical Laboratory Standards (CLSI; Wayne, PA, USA). Antibiotic discs containing ampicillin (10 μg), chloramphenicol (30 μg), erythromycin (15 μg), gentamicin (10 μg), penicillin G (10 units), novobiocin (30 μg), bacitracin (10 μg), streptomycin (10 μg), tetracycline (30 μg), vancomycin (30 μg), rifampicin (5 μg), nalidixic acid and kanamycin (30 μg) were obtained from HiMedia. All the measurements were done in triplicate.
Cell surface hydrophobicity
Cell surface hydrophobicity of wild type E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657 and their bacteriocin resistant variants was determined according to the method described by Rosenberg et al. (1980) with slight modification using nHexadecane. Cultures of the strains were grown in BHI broth overnight at 37°C. The cells (8 log 10 cfu/ml) were harvested by centrifugation at 12,000 x g for 5 min at 5°C, washed twice and resuspended in 5 ml phosphate urea magnesium (PUM) buffer (K 2 HPO 4 : 22.2 g; KH 2 PO 4 : 7.26 g; Urea: 1.8 g; MgSO 4 .7H 2 O: 0.2 g; in 1000 ml of distilled water; pH 7.1) and the cell suspension was adjusted to an absorbance value (A 610 ) of approx. 0.8-1.0. Three ml of the bacterial suspension were put in contact with 1 ml of each of n-Hexadecane. The cells were preincubated at 37°C for 10 min and then vortexed for 120 s. The suspension was then kept undisturbed at 37°C for 1 h to allow phase separation and the hydrocarbon layer was allowed to rise completely. After 1 h, aqueous phase was removed carefully with a Pasteur pipette and the absorbance (A 610 ) was measured using Spectrophotometer (Jenway Geneva, Jenway Ltd. Gransmore Green, Felsted, Dunmow, UK). The decrease in the absorbance was taken as a measure of the cell surface hydrophobicity (%Hydrophobicity) calculated with the equation:
Where OD initial and OD final are the absorbance (at 610 nm) before and after extraction with the n-Hexadecane. Three independent replicates of experiment were done.
Statistical analysis
Results were expressed as mean±SE of triplicates for each sample. Calculation of mean, standard Error (SE) was performed by subjecting data to various statistical analyses as and when needed, using SYSTAT 6.0. 
Results and discussion
Bacteriocin sensitivity profile of E. faecalis, E. faecium and L. monocytogenes strains Antibacterial efficiency of three bacteriocins nisin, pediocin 34 (bacteriocin produced by Pediococcus pentosaceous 34) and enterocin FH99 (bacteriocin produced by Enterococcus faecium FH99), was evaluated against Gram positive food spoilage and pathogenic bacteria. Table 2 depicts the susceptibility of the target strains to nisin, pediocin 34 and enterocin FH99 bacteriocins. The Gram positive bacterial species studied in this work differed considerably in their sensitivity to nisin, pediocin 34 and enterocin FH99 as also reported by Bankerroum and Sandine (1988) and Ukuku and Shelef (1997) indicating important genus, species and strain differences in the degree of inhibition. E. faecalis ATCC 29212 was sensitive to nisin only. E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657 were sensitive to all the bacteriocins used in the study. Table 3 .
Kinetics of cell growth inhibition by bacteriocins
In the present study, the antibacterial efficacy of nisin, pediocin 34 and enterocin FH99 was evaluated singly as well as in different combinations against several Gram-positive bacteria i.e. E. faecalis ATCC 29212, E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657 in BHI broth. The calculated MICs of the bacteriocins were used to evaluate the antibacterial effect of bacteriocins alone (Table 3) . In order to evaluate additive and synergistic effect of bacteriocins the different combinations and the concentrations of bacteriocins used against the target organisms are shown in Table 4 . To evaluate the additive effect the concentrations of the bacteriocins in each combination used correspond to the MICs of the target organisms, whereas in order to evaluate the synergistic effect, the bacteriocins were used at half the concentrations of the MICs of the target organisms. The bactericidal effectiveness of nisin against E. faecalis, E. faecium DSMZ 20477, E. faecium (VRE) and L.
monocytogenes MTCC 657 is shown in Table 5 . In case of E. faecalis ATCC 29212, maximum viability loss of 4.3 log cycles was observed after 2 h incubation with nisin. Nisin was most effective in inhibiting the E. faecium DSMZ 20477 followed by enterocin FH99. Pediocin 34 was least effective in inhibiting E. faecium DSMZ 20477. In case of E. faecium (VRE), nisin followed by enterocin FH99 were observed to be more effective than pediocin 34. The viable cell count (log cfu/ml) of target organisms after treatment with nisin, pediocin 34 and enterocin FH99 alone and in different combinations is presented in Table 5 . Pediocin 34 proved to be more effective than nisin and enterocin FH99 in inhibiting L. monocytogenes MTCC 657. Cintas et al. (1998) also reported pediocin to be more effective than nisin against some food borne pathogens such as L. monocytogenes. In case of all the bacterial strains it was observed that even when the bacteriocins displayed the most rapid inhibitory activity at 1 h, the survivors resumed growth, reaching the highest cell counts at 24 h. Similar observations were also made by Schillinger et al. (1998) , who reported a regrowth of survivors of L. monocytogenes Scott A after exposure to nisin concentrations between 10 and 500 IU/ml as well as with those of Song and Richard (1997) , who observed that survivors of L. innocua resumed growth after the addition of nisin, pediocin AcH, and enterococcin EFS2 into TSBYE broth. According to Muriana (1996) , several studies indicated the immediate decrease of target cells by one to three log cycles cfu/ml when a bacteriocin was added, with none or little effect on future inoculations. The results of the present study indicate that combinations of different bacteriocins produce a more effective antibacterial effect against E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657 in comparison to the bacteriocins used alone. When the two non nisin bacteriocins were used together, a higher number of survivors were detected than with the pairs containing nisin for E. faecium VRE and E. faecium DSMZ 20477. Also, synergistic action was observed between different combinations of bacteriocins (Table 5 ) when tested against E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657. Though, a combination of nisin+ pediocin 34+ enterocin F99 was most effective against E. faecium DSMZ 20477 and E. faecium (VRE), a combination of pediocin 34+enterocin FH99 was most effective in inhibiting L. monocytogenes MTCC 657 (Table 5) .
Similar results were reported by Hanlin et al. (1993) who while studying the antibacterial efficiency of pediocin AcH and nisin against several Gram-positive bacterial strains, assumed that a mixture containing more than one bacteriocin would have greater bactericidal effect to a sensitive population, since cells resistant to one bacteriocin might be killed by the other bacteriocin. Moreover synergistic effects were reported when the interactions between pairs of bacteriocins from lactic acid bacteria were tested which are in accordance with the results obtained by MulletPowell et al. (1998) One possible explanation for the different effectiveness of bacteriocin pairs would be that the bacteriocins used in this study belonged to different classes, which vary considerably in the nature and sequence of amino acid residues as earlier suggested by Moll et al. (1999) . The synergistic action of combinations of two different bacteriocins with different structures produced by the same strain has also been reported in agar medium by Limonet et al. (2004) . Similar results have been reported by Jamuna et al. (2005) who showed that the bacteriocins from L. acidophilus and L. casei have a better antibacterial activity in combination with Nisin than when used alone against food spoilage and pathogenic organisms in liquid and food systems. Vignolo et al. (2000) also reported that the combined effect of lactocin 705, enterocin CRL35, and nisin against L. monocytogenes FBUNT in meat slurry showed no viable counts after incubation for 3 h. Jamuna and Jeevaratnam (2009) have also reported the synergistic effect of nisin and bacteriocin from Pediococcus acidilactici to be more effective in inhibiting the growth of L. monocytogenes and S. aureus in sealed pouches of vegetable pulav. When pediocin 34 and enterocin FH99 were used alone or in combination, a higher number of survivors were detected than with the pairs containing nisin for the strains of E. faecium. Cross-resistance between bacteriocins has also been observed when the sensitivity of Listeria variants to lactocin 705, enterocin CRL35, and nisin was tested and insensitivity of a variant to lactocin 705 and enterocin CRL35 while retaining sensitivity to nisin, and vice versa, was associated with the mechanism by which a bacteriocin enters the cell following binding to the cell surface, as well as with the ability to form pores in bacterial membranes Vignolo et al. (2000) .
Stability of developed resistance
The stability of nisin, pediocin 34 and enterocin FH99 resistance was determined for the resistant variants of E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657. We assessed the MICs (Table 3 ) of the developed bacteriocin resistant variants by the spot on lawn assay as described by Ulhman et al. (1992) . Nisin resistant variants of E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657 were was 60, 300, 100 and 200 fold more resistant to nisin than their corresponding wild type strains, respectively (data not shown). Pediocin 34 resistant variants of E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657 were was 80, 2 and 6-fold more resistant to pediocin 34 than their corresponding wild type strains, respectively and enterocin FH99 resistant variants of E. faecium DSMZ 20477, E. faecium (VRE) and L. monocytogenes MTCC 657 were was 70, 2 and 5-fold more resistant to enterocin FH99 than their corresponding wild type strains. Harris et al. (1991) detected mutant strains of L. monocytogenes, at frequencies of 10 −6 and 10 −8 , which were able to grow at nisin concentrations 5 to 10 times higher than was the original population. The nisin resistance phenotype in L.monocytogenes MTCC 657, E. faecium DSMZ 20477, E. faecium VRE and E.faecalis ATCC 29212 was stable during at 50, 40, 20 and 30 successive cultures, respectively, without nisin. The pediocin resistance phenotype in L.monocytogenes MTCC 657, E. faecium DSMZ 20477 and E. faecium VRE was stable during at 20, 30 and 10 successive cultures, respectively, without pediocin 34. The enterocin resistance phenotype in L.monocytogenes MTCC 657, E. faecium DSMZ 20477 and E. faecium VRE was stable during at 30, 30 and 20 successive cultures, respectively, without pediocin 34.
Bacteriocins cross resistance
The bacteriocin cross resistance profiles of wild type and their corresponding nisin, pediocin 34 and enterocin FH99 resistant variants is shown in Table 2 . Pediocin 34 resistant variant of L. monocytogenes MTCC 657 displayed cross resistance to enterocin FH99 but not to nisin. On the other hand its nisin resistant variant was sensitive to both pediocin 34 and enterocin FH99. Nisin resistance in E. faecium DSMZ 20477 conferred cross resistance to both pediocin 34 and enterocin FH99. Enterocin FH99 resistant variant displayed cross resistance to pediocin 34 bacteriocin. Pediocin 34 resistant variant of E. faecium DSMZ 20477 showed cross resistance to enterocin FH99. Similar results were observed in case of E. faecium (VRE). Nisin resistant E. faecalis ATCC 29212 was resistant to pediocin 34 and enterocin FH99.
Several reports suggest that resistance to a bacteriocin may extend to other bacteriocins within the same class or even in other classes. The nisin resistant strain of L. monocytogenes ATCC 700302 was observed to be showing cross resistance to the class IIa bacteriocin pediocin PA-1 and the class IV leuconocin S (Crandall and Montville 1998) . L. monocytogenes mutants resistant to mesenterocin 52, curvaticin 13, and plantaricin were also reported to be cross-resistant to the other bacteriocins (Rekhif et al. 1994 ). In addition, piscicolin 126-resistant mutants of L. monocytogenes which emerged in cheese made from milk containing the bacteriocin were also resistant to pediocin P02 (Ukuku and Shelef 1997) . These reports of crossresistance indicate that the use of multiple bacteriocins to achieve greater antibacterial efficacy (Hanlin et al. 1993) might not be feasible. The development of resistance to one of the bacteriocins in the combination might render the organism resistant to the others too.
Antibiotic susceptibility
An undesirable consequence of an extended use of natural antimicrobials such as nisin in food might be cross-resistance to clinically used antibiotics in foodborne pathogens only few studies have comprehensively addressed this issue (Crandall and Montville 1998; Gravesen et al. 2001) . In this work, we have analyzed the antibiotic susceptibility of L. monocytogenes MTCC 657, E. faecium DSMZ 20477, E. faecium (VRE) and E. faecalis ATCC 29212 along with their nisin, pediocin 34 and enterocin FH99 resistant counterparts as shown in Table 6 .
The nisin resistant strains of L. monocytogenes MTCC 657, E. faecium DSMZ 20477, E. faecium (VRE) were more susceptible to most of the antibiotics tested than their wild type counterparts. This could be related to the fitness cost commonly associated to the development of the nisin resistant phenotype i.e. the changes conferring bacteriocin resistance could possibly reduce the growth potential of the cells or render them more sensitive to preservation parameters such as salt, low pH, or low temperature (Dykes and Hastings 1998) . Only cross-resistance to the membrane disturbing polymixin B was depicted by the three resistant variants of E. faecium (VRE). This result seems reasonable as nisin shares the same primary target with polymixin B: the cytoplasmic membrane. Also, the resistance has been partially correlated with changes in the membrane composition which potentially interfere with the pore forming ability of nisin in the cytoplasmic membrane (Crandall and Montville 1998; Mazzotta and Montville 1997) . Moreover, changes in the cell envelope such as a thickened cell wall, polysaccharide production or a higher degree of D-alanine substitution in the teichoic acids were also described as resistance strategies to avoid killing by cationic antimicrobial peptides (Davies et al. 1996; Peschel et al. 1999) . Basically, these mechanisms lower the net negative surface charge and restrict the accessibility of nisin and, hence, of other cationic drugs such as polymixin B and amino glycosides, to their targets.
Pediocin 34 resistant strain of L. monocytogenes MTCC 657 and nisin resistant strain of E. faecalis ATCC 29212 were observed to be resistant to gentamicin. Nisin resistant variant of E. faecalis ATCC 29212 was also resistant to nalidixic acid. The site of action of gentamicin is protein synthesis and nalidixic acid inhibits a subunit of DNA gyrase and induces formation of relaxation complex analogue. It also inhibits the nicking dosing activity on the subunit of DNA gyrase that release the positive binding stress on the supercoiled DNA. The increase in resistance to gentamicin and nalidixic acid might result from an alteration in the cell wall which prevents these compounds from reaching their targets (Crandall and Montville 1998) .
Cell surface hydrophobicity
According to the hydrophobicity measurements significant differences (p<0.001) were observed between wild type E. faecium DSMZ 20477, E. faecium (VRE), E. faecalis ATCC 29212 and L. monocytogenes MTCC 657 and their nisin resistant, pediocin 34 resistant and enterocin FH99 resistant counterparts, respectively (Fig. 1) .
Nisin resistant variant of L. monocytogenes was more hydrophobic than the corresponding wild type, whereas the pediocin 34 and enterocin FH99 resistant variants were less hydrophobic than the wild type strain Nisin, pediocin 34 and enterocin FH99 resistant variants of E. faecium DSMZ 
WT wild type, Nr nisin resistant, Pr Pedioicn 34 resistant, Er Enterocin FH99 resistant T Tetracycline, V Vancomycin, B Bacitracin, K Kanamycin, E Erythromycin, G Gentamycin, Na Nalidixic acid, A Ampicillin, R Rifampicin, P PenicillinG, C Chloramphenicol, Nv Novobiocin, Pb Polymyxin B S sensitive; M moderately sensitive; R resistant a Zone of Inhibition calculated according to the table given by NCCLS (2001) 20477 and E. faecium VRE were less hydrophobic than their wild type counterparts. Also, nisin resistant E. faecalis 29212 was less hydrophobic than its wild type counterpart. This may be due to a substantial change in the surface architecture of the resistant variants which might involve a different protein display at the surface. These results are in accordance with those reported by Martinez and Rodriguez (2005) .
Conclusion
The results of the present study indicate that treatment with a combination of two or more different bacteriocins has an advantage of protection against many spoilage and pathogenic bacteria because of synergistic or additive effect. The results of this study also show that although the use of Nisin is permitted in a number of countries in a variety of foods, other bacteriocins viz, pediocin and enterocin with different and/or more effective antimicrobial activity may be considered as new biopreservatives. This study showed that resistance to a bacteriocin may extend to other bacteriocins within the same class. The development of bacteriocin resistance may hinder further application of bacteriocins in food preservation and it also raises concerns about the extensive use of bacteriocins in food regarding the cross resistance in food borne pathogens towards other bacteriocins and towards clinically used antibiotics. Since bacteriocins are considered as potential tools for biopreservation, more study is needed to determine the distribution of bacteriocin-resistance phenomena among microorganisms that cause food spoilage and among food borne pathogens 
